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Abstract: Aqueous extract of European mistletoe have been widely used for decades as alternative 
treatment and adjuvant cancer therapy. The aim of this study was to determine in vitro, the antioxidant activity of 
different aqueous extracts of V. album, depending on the host trees and on the harvesting time, using different 
methods: TEAC, ORAC and DPPH. Different V. album plants were harvested in two different seasons (May and 
July) from five different host trees (Acer campestre, Mallus domestica, Fraxinus excelsior, Populus nigra and 
Robinia pseudoacacia)  located in the N-W region of Romania. The values obtained by TEAC assay varied from 
9.19 ± 0.009 µmol of Trolox equivalents/g of fresh leaves for the VAM extract to 5.93 ± 0.01 µmol of Trolox 
equivalents/g of fresh leaves for the VAP extracts. In the case of values obtained from ORAC assay, no 
significant differences were obtained between the antioxidant activity of the mistletoe. The extract originating 
from Robinia pseudocacia (VAS) mistletoe host exhibited the highest activity (% DPPH inhibition), while the 
lowest activity was noticed for the extract originating from Populus nigra (VAP) mistletoe (42.2 versus 17.4).  
We noticed differences between the antioxidant capacity of mistletoe harvested on the different season as well as 
from different host trees. 
 
INTRODUCTION 
 
European mistletoe (Viscum album L., family Loranthaceae) is an evergreen, 
semiparasitic plant (it depends on the host tree for nutrients and water) normally found 
growing on a variety of trees, especially pine and apple. Although there are many varieties of 
mistletoe, including the American (Phorandendron serotinum or Phorandendron flavescens), 
the European (Viscum album L.), and the Korean (Viscum album L. coloratum), most 
investigative work has been done on European mistletoe. A number of biological effects, such 
as anticancer, antimycobacterial, apoptosis – inducing, antiviral, and immunomodulatory 
activities have been reported (Hajtó et al., 2005).  
The main ingredients of the Viscum album extract are it’s three ribosome inactivating 
proteins or lectins (mistletoe lectins, ML) ML-1, ML-2, and ML-3, the glycoprotein binding 
with D-galactose and N-acetyl-D-galactosamine, viscotoxins (VT), as well as, oligo- and 
polysaccharides, alkaloids. The flavonoid patterns of V. album from various hosts were 
investigate by Becker and Exner (1980). They identified quercetin and a series of quercetin 
methyl ethers, which may be assumed to be accumulated on the plant surface. The 
epicuticular material of the V. album contains preferably the flavonol quercetin and its methyl 
derivatives, occasionally also the flavonol kaempferol and some of its methyl derivatives, and 
rarely the flavanone naringenin (Haas et al., 2003). 
Literature is scarce regarding to the antioxidant effects of European mistletoe. At the 
moment, there is only one research study (Onay-Ucar et al., 2006) regarding to the antioxidant 
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activity of methanolic extract of mistletoe (Viscum album), using DPPH method, ferric 
thiocyanate method, and thiobarbituric acid method. The authors shown that the antioxidant 
activity of mistletoe extract depends both the harvesting time and the host trees.  But, in the 
last years, the antioxidant effects of Viscum coloratum was intensive investigated (Leu et al., 
2006; Yao et al., 2006; Shi et. al.), effects that depends the flavonoids present in the mistletoe. 
It has been suggested that pharmacologically active compounds may pass from the 
host trees to the parasitic plants (Büssing and Schietzel., 1999). One of the most important 
problems for researchers working on parasitic plants concerns the nature of the biological 
connections established between the host and the parasite. The influence of the host tree may 
play a very significant part in the assessment of the mistletoe as a plant raw material. 
The aim of this study was to determine in vitro antioxidant activity of the aqueous 
extract of mistletoe via TEAC, ORAC and DPPH assays, and to compare the results, 
depending on the host trees, and on the harvesting time. 
 
MATERIAL AND METHODS 
 
Chemicals 
ABTS (2,2’-azinobis(3-ethylbenzothiazoline-6-slfonic acid) diammonium salt, potassium 
persulfate, DPPH (1,1-diphenyl-2-picrylhydrazyl), Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) were bought fron the Sigma Company. All other chemicals 
used were of the highest purity grade available. 
1. Preparation of aqueous extract of Viscum album 
Different  V.album plants were harvested in May and July 2007 from five different 
host trees (Acer campestre (VAJ), Mallus domestica (VAM), Fraxinus excelsior (VAF), Populus 
nigra (VAP) and Robinia pseudoacacia (VAS)) located in Romania. Fresh leaves (10g)  were 
homogenizated with 50 ml distillated water, using a blender commercial, for 1 minute. This 
mixture was centrifugated (10 000 rpm, at 40C, for 10 minutes) and the supernatants were 
filtered through a filter paper. The filtrate was used for the measurements of antioxidant 
activity. 
2. Antioxidant activity tests 
2.1.TEAC assay 
TEAC method (Trolox Equivalents Antioxidant Capacity) is a spectrophotometric 
method, widely used for the assessment of antioxidant activity of various substance. This 
method measures the ability of compounds to scavenge the ABTS radical cation in relation to 
Trolox. ABTS was dissolved in distilled water to a 7 mM concentration. ABTS+ was 
produced by reacting ABTS stock solution with 2.45 mM potassium persulfate and allowing 
the mixture to stand, in the dark, at room temperature for 12-16 h before use. For study of 
antioxidant activity of standard antioxidant and V. album extracts, the ABTS stock solution 
was diluted with ethanol to an absorbance of 0.70 ± 0.02 at 734 nm. After addition 17 µl of 
extract to 170 µl of diluted ABTS+ solution, we monitored spectrophotometricaly at 734 nm 
the interaction between the antioxidants and the ABTS·+ (Arnao et al. 2001). 
2.2.ORAC assay 
ORAC method (Oxygen Radical Absorbance Capacity) - depends on the free radical 
damage to a fluorescent probe through the change in its fluorescence intensity.  The change of 
fluorescence intensity is an index of the degree of free radical damage. In the presence of 
antioxidant, the inhibition of free radical damage by an antioxidant, which is reflected in the 
protection against the change of probe fluorescence in the ORAC assay, is a measure of its 
antioxidant capacity against the free radical (Huang et al., 2002). It was conducted on 
microplates using fluorescein as the fluorescent probe. The ORAC assay was performed as 
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described by Ou et. al. (2002). The antioxidant activity by ORAC was expressed as µmol of 
trolox equivalents per g of fresh leaves. 
2.3.DPPH assay 
DPPH method (1,1-diphenyl-2-picrylhydrazyl) – is a spectrophotometric method, 
widely use to test the ability of compounds to act as free radical scavengers or hydrogen 
donors. It is use for the quantification of antioxidants in the complex of biological systems 
(Miliauskas et al., 2004). The kinetics of 400 µl aqueous V. album extract in 2.8 ml of DPPH 
(80µM in etanol) were registered in 5 minutes by monitoring DPPH disappearance at 515 nm. 
The percent inhibition of DPPH was calculated from the following equation: 
 
 
 
RESULTS AND DISCUSSIONS 
 
The present study inquired a variety of in vitro tests, based on the capacity to scavenge 
free radicals. On the basis of the chemical reactions involved, major antioxidant capacity can 
be divided into two categories: i) hydrogen atom transfer (HAT) and ii) single-electron 
transfer (SET) reaction – based assay. HAT-based procedures measure the classical ability of 
an antioxidant to quench free radicals by hydrogen donation (ORAC method):  
X· + AH →XH + A·, where AH = any H donor 
 
SET-based method  detect the ability of a potential antioxidant to transfer one electron 
to reduce a species, including metals, carbonyls, and radicals (TEAC method): 
X· + AH →X- + AH·+, 
 
AH·+ + H2O ↔A
·
 + H3O+ 
 
X- + H3O+ → XH + H2O 
 
M(III) + AH → AH+ + M(II) 
 
Many plant extracts exhibit efficient antioxidant properties due their 
phytoconstituents, including phenolics (Aqil et al., 2006; Miliauskas et al., 2004). 
Trolox, a water –soluble vitamin E analog, is used as the calibration standard, and 
ORAC and TEAC results are expressed as µmol of Trolox equivalents/g of fresh leaves. 
The TEAC values for investigated aqueous extracts of fresh leaves are shown in Table 
1, and standard curve of Trolox with R2 of 0.9983 is shown in Fig. 1.  
We noticed differences between the extract harvested on May and July. Among the 
selected plants, crude aqueous extract of V. album that grown on apple trees (VAM) exhibited 
the highest antioxidant activity, in May (9.17 ± 0.009 µmol of Trolox equivalents / g of fresh 
leaves). Although, the VAM extract in July had the lowest activity (5.99 ± 0.01 µmol of 
Trolox equivalents / g of fresh leaves). 
 
 
 
 
% Inhibition = (Absorbance of control – Absorbance of test sample/Absorbance of control) x 100 
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The ORAC values for investigated aqueous extracts of fresh leaves are shown in Table 2 and 
standard curve of Trolox with R2 of 0.9995 is shown in Fig. 2 . 
 
 
 
 
 
µmol of Trolox equivalents / g of 
fresh leaves 
ORAC assay  
Samples 
May July 
VAJ 12.16 ± 1.88 11.5 ± 0.35 
VAM 12.14 ± 0.94 12.53 ± 1.37 
VAF 12.02 ± 1,75 11.47 ± 0.85 
VAP 12.26 ± 1.05 12.22 ± 1.31 
VAS 12.05 ± 0.53 11.99 ± 1.52 
 
Data are presented as mean ± SD (n=5) 
 
 
The values obtained by the ORAC assay varied from 12.26 ± 1.05 µmol of equivalents 
Trolox for the VAP extracts to 11.47 ± 0,85 µmol of equivalents Trolox for VAS. Results 
obtained by ORAC assay, showed no significant differences between mistletoe varieties 
growing on different host trees, in the different seasons. 
µmol of Trolox equivalents / g of 
fresh leaves 
TEAC assay 
Samples 
May July 
VAJ 7.99 ± 0.01 7.95 ± 0.007 
VAM 9.17 ± 0.009 5.99 ± 0.01 
VAF 6.25 ± 0.007 6.84 ± 0.01 
VAP 5.93 ± 0.01 6.86 ± 0.02 
VAS 6.49 ± 0.009 7.18 ± 0.01 
y = 0,0016x - 0,0367
R2 = 0,9983
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Fig.2 Standard curve of Trolox using ORAC 
assay 
Fig.1 Standard curve of Trolox using TEAC 
assay 
The antioxidant potential (determined by TEAC assay) of V. 
album fresh leaves, expressed in Trolox equivalents. 
Table 1 
The antioxidant potential (determined by ORAC assay) of V. 
album fresh leaves, expressed in Trolox equivalents. 
Table 2 
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When the activity of the same extract of mistletoe collected from the same host tree, 
but different  season were compared using DPPH assay, it seemed that antioxidant activity 
was, in generally, higher in spring. The values obtained in May by the DPPH assay varied 
from 42.2 % DPPH inhibition for the V. album growing on Robinia pseudocacia (VAS) to 
17.4 % DPPH inhibition for the V. album growing on Populus nigra (VAP). In July, the VAS 
extracts exhibited the highest capacity to scavenge free radicals (46.91%), but the VAJ and 
VAP extracts lose their antioxidant activity (Fig.3).  
Önay- Uçar et al. (2006) investigated the antioxidant activity of methanolic extracts of 
V. album, using DPPH method and found that antioxidant capacity of this plant differes 
according to the harvesting time as well as the host tree. 
Some variations in the extent of extract antioxidant activity were observed for each 
type of assay used in this study. The extract of VAS had good DPPH radical scavenging 
activity, in May and also in July, but low antioxidant potential according to TEAC assay. 
These differences may be due to their different antioxidant mechanisms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  DPPH free radical scavenging activity (% DPPH inhibition) of V. album. Data are 
mean ± SD (n=5) 
 
The results of the determination of the antioxidant capacity of an extract depend 
greatly on the methodology used. It is important to compare different analytical methods 
varying in their oxidation initiators and targets in order to understand the biological activity of 
an antioxidant (Cao and Prior, 1998).  
 
CONCLUSIONS 
 
The results of this study show that the aqueous of V. album extracts have antioxidant 
activity and can be considered as good source for medicinal applications. Among the leaf 
sample aqueous extracts of V. album, those of VAS, following the VAM appear as the most 
promising source of powerful antioxidants. The influence of the host tree may play a very 
significant role in the elaboration of specific antioxidants and becomes important parameter in 
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the assessment of the mistletoe as a plant raw material for phytopharmaceutical formulas.  
Beside the host trees, the season of mistletoe harvest is important. Generally, the younger 
plants (collected in May) being more rich in antioxidants. Further studies will attempt to 
identify and characterize the antioxidant biomarkers responsible for these properties (e.g. 
phenolics and flavonoids). 
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